Recently, the concept of food-based dietary guidelines has been introduced by WHO and FAO. For this concept, several assumptions were necessary. The validity and potential consequences of some of these assumptions are discussed in this paper on the basis of the Dutch National Food Consumption Surveys. The topics were interrelationships among dietary characteristics, nutrient density, diets in accordance with the guidelines, and food variety.
According to Hegsted (1986) , dietary standards must ultimately be translated into food products keeping in mind the nature of food supply and current dietary practices. In line with this, the concept of food-based dietary guidelines (FBDG) has been proposed by WHO/FAO (1996) .
Dietary advice can be given based on knowledge of the main nutritional risk areas and insight into the main sources of nutrients and bioactive dietary components (Löwik, 1993) ; the nutritional risk areas are identified through the differences between dietary standards and prevailing intake levels and nutritional status. The sources of energy and nutrients provide target foods whose consumption can be changed to improve the diet on a population basis. The identification of the major sources of energy and nutrients in population groups is mostly based on the relative contribution of the various groups of food products to daily intake (Welsh & Marston, 1982; Block et al. 1985; Cook & Welsh, 1987) , which takes into account number of consumers, frequency of consumption, quantity consumed and nutrient content in food products. To be effective in nutrition education of the general public, the food items have to be classified into relatively homogeneous groups, which fit in with consumers' perception of logical classification (Southgate, 1992) . Furthermore, an effective strategy requires a selection process with priority setting, because the message has to be as simple as possible. If all dietary goals and recommendations have to be achieved at the same time, a large multi-criteria decision model has to be established to guide policy processes and consumer behaviour.
Although the concept of food-based dietary guidelines is attractive, the validity and consequences of the assumptions are not yet tested. The major assumptions studied in this paper are:
X Changing the diet into the direction of one dietary goal will have a favourable effect on other goals as well. X A higher nutrient density is associated with a higher intake of the particular nutrient. X A higher food variety is associated with an improved quality of diet. X The implementation of a dietary quality index and/or food-based guidelines will result in an improved quality of diet.
This paper starts with a selection process in that the main risk nutrients in the Dutch population are identified. Since fat consumption is given highest priority, information is provided on differences in dietary intake according to different levels of fat consumption. Subsequently, the interrelations of fat consumption with other risk nutrients are presented in order to assess potential (un)favourable sideeffects of a reduced fat intake. Special attention is given to two elements of food-based dietary guidelines, namely nutrient density and food variety. Finally, several aspects are integrated in that the effects of overall diet quality indices (one based on nutrients and the other on food groups) are studied. The results presented are based on the first and the second Dutch National Food Consumption Survey (DNFCS). The first Dutch National Food Consumption Survey (DNFCS) was conducted in [1987] [1988] , and the second survey in 1992 (Löwik et al. , 1998 . Both surveys were conducted within the framework of the Dutch Nutrition Surveillance System (Löwik & Hermus, 1988) . Data were obtained from a probability sample of non-institutionalized subjects. Information on food consumption was collected by means of 2 d records. Methods regarding sampling procedure and dietary data collection have been published in detail (Hulshof & van Staveren, 1991) .
Risk nutrients and groups
Implementation of the concept of food-based dietary guidelines starts with the identification of prevailing nutritional problems. In the Netherlands, the intake of fat, especially saturated fatty acids (SFA) is high, whereas the intakes of carbohydrates (especially polysaccharides) and dietary fibre (relative to energy intake) are low. For micronutrients, mean intake of vitamin B-6 per g protein, iron (in boys aged 1-3 and 13-18, girls aged 1-3 and women aged 10-49) and vitamin A (in boys aged 10-12, girls aged 7-12 and pregnant women) are below recommended dietary allowances. Overweight individuals, a low intake of iodine and a high sodium intake are also prevalent in the Dutch population. In a Dutch survey on the nutritional status of people 20-80 years old, with special reference to micronutrients, it was found that the group most at risk for suboptimal micronutrient supply was women aged 20-49 (vitamin B-6, iron, iodine, and folate for those who wished to become pregnant). These risks could be modified favourably by lifestyle changes . Based on this observation, it is reasonable to examine the formulation of food-based dietary guidelines for the Netherlands for women 20-49 years old and to investigate potential unfavourable sideeffects in other population groups. Risks associated with inadequacy of intakes of vitamin B-6, iron and vitamin A are still in the phase of problem formulation. Policy processes for sodium are currently at an intermediate stage (Löwik et al. 1996) . For fat intake (and hence, to a certain extent, indirectly intake of carbohydrate and dietary fibre) and iodine intake the policy processes are beyond the phase of problem formulation, in that actions to improve the situation have been or are being implemented.
In the late 1980s and the early 1990s, fat intake, especially the intake of SFA, was given the strongest emphasis in several policy statements because scientific evidence for its effect on health is strongest and the impact of a change in fat intake on public health is likely to be greatest (Löwik et al. 1996 .
Fat intake
Since a reduction in fat consumption ranks high on the nutritional policy agenda in the Netherlands, it is of interest to obtain information on differences in nutrient intakes at different fat intake levels. Selected results, after a classification based on total fat as a percentage of total energy intake (%energy, tertiles), among people 18-60 years old in the second DNFCS are presented in Table 1 . A higher total fat intake (%energy) was associated with a higher intake of energy and vitamin A, a lower intake of vitamin C and a lower nutrient density (results not shown). In the highest tertile more energy was derived from fat (by definition) and less from protein, alcohol and, especially, carbohydrates. Major differences as to food groups were found for potatoes, cheese, nuts, seeds and snacks, fats and oils, and meat and meat products (higher mean values in the highest tertile), whereas higher fat intake was associated with a lower mean consumption of alcoholic beverages, fruit and, to a lesser extent, vegetables. The results should be interpreted, however, with care since the data refer to 2 d records in a cross-sectional design.
Interrelationships
Ideally, a single dietary variable would be available as the indicator of all nutritional problems identified in that a change in this variable in the favourable direction would result in a positive change in all other relevant dietary characteristics. As indicated above, a reduction of (saturated) fat intake was the primary target of nutritional policy in the Netherlands. Table 2 shows the interrelations (correlations) with other dietary factors. The results show that, in a cross-sectional design, a lower intake of SFA (%energy) is accompanied by a lower intake of monounsaturated fatty acids (MUFA) (%energy) and vitamin A, and a higher intake (%energy) of polysaccharides, total carbohydrates and alcohol as well as (absolute) vitamin B-6. Weak associations (r Ͻ 0.10) were found for intakes of protein (%energy), polyunsaturated fatty acids (PUFA) (%energy) and iron, and consumption of fruit and vegetables (as one combined group) with total and saturated fat. Comparable results were found in the various age-sex groups (results not shown). These results suggest that the assumption that, except for carbohydrates, other relevant dietary intake variables will change in a favourable direction (or at least stay the same) when (saturated) fat intake is lowered is not a valid assumption. The interpretation of the results is hampered by the cross-sectional design of the data.
For an integrated approach, several targets have to be taken into account. However, this will have a negative impact on the communication message and will demand unrealistically much of the target groups in terms of time, interest and knowledge. For instance, it is not realistic to assume that consumers can select food products on the basis of (sometimes even conflicting) nutritional criteria. These considerations call for priority setting and a temporary limitation of the number of dietary goals (preferably just one). The selection of goals may change as our knowledge of the linkage between diet and health increases and as a result of changes in dietary intake characteristics. Hegsted (1992) suggests the concept of nutrient density (amount per MJ) to be a good framework for dietary standards. Food-based dietary guidelines are in line with this notion, in that nutrient density is used to establish and evaluate food-based dietary guidelines (WHO/FAO, 1996) . The underlying assumption is that if a diet meets the energy requirement of individuals, it will also satisfy recommended nutrient intakes for all essential nutrients. This approach permits the simplification of age-and sex-related recommended nutrient intakes figures since the values are supposed to differ minimally when expressed per unit of energy. Looking at the Dutch recommendations, the differences among population groups are indeed smaller for nutrient density than for absolute intake levels, but that the effect should not be overestimated.
Nutrient density
For the US population, Windham et al. (1981) conclude that, on average, all age-sex groups after infancy have diets of similar composition or nutrient density. Data from the Netherlands do not confirm this conclusion entirely since sometimes substantial differences in mean values were found among the population groups studied. For instance, the lowest densities were found among young children for iron, vitamin A and thiamin and among older children and adolescents for riboflavin, vitamin B-6, vitamin C, calcium, phosphorus and potassium. Furthermore, an implicit assumption regarding the usage of nutrient densities is probably that there exists a positive relation between intake of nutrients and density of the diet. In the second DNFCS, absolute intakes were indeed lower at lower nutrient densities. In the total population of the second DNFCS, the correlations between absolute intake and density were 0.51 for iron, 0.61 for calcium, 0.93 for S145 Food-based dietary guidelines in the Netherlands vitamin A, 0.81 for thiamin, 0.54 for riboflavin, 0.52 for vitamin B-6 and 0.83 for vitamin C. These correlations show positive relations that are, however, not complete. Finally, taking the total dietary intake as starting point, it is of interest to look at combinations of low and high nutrient densities; this has been done by Van der Beek et al. (1994) . The observations confirm the existence of a positive association between intake and density of micronutrients. This association is also accompanied by differences in energy intake in that a lower mean energy intake were associated with a higher intake and density of vitamins. The results indicate that the assumptions regarding nutrient density as incorporated in FBDG are valid as to the direction of the relations but that the effects are not complete.
Food variety
Eating a variety of foods is often one of the recommendations of guidelines to achieve dietary adequacy. A wide range of foods is recommended to assure adequate nutrient intake, to avoid deficiencies and excessively high intakes of single nutrients, and to reduce the likelihood of high exposure to food contaminants. According to WHO/FAO (1996) , there is enough evidence to justify promoting food variety through FBDG as a technique to reduce morbidity and mortality while awaiting further scientific studies on how exactly it operates. Variety may refer to variation in foods selected from different major food groups, foods within these food groups and/or preparation methods, whereas the effects may differ across nutrients. Therefore, the influence of variety on intake of energy and nutrients in the Netherlands was studied with a comprehensive model in which different aspects of variety were taken into account simultaneously (Hulshof et al. 1993) .
The results (Table 3) show that associations between variety and dietary intake were characterized mainly by differences in quantity and not in nutrient density.
The term 'food variety category' was based on 43 food categories. In total, 759 different food items (codes corresponding to the Dutch food composition table) were reported by the selected adults during the 2-day period. These food items were (a priori) classified into 43 food groups based on food origin and pattern of use. Subjects were rated according to the numbers of these categories consumed over the period. The lowest category represents S146 M. R. H. Löwik et al. 
the least varied diet, while the highest category represents the most varied diet. For a more detailed description of the methods see Hulshof et al. (1993) .
As to the impact of food groups to the variety in the diet, the inclusion of fruits and vegetables resulted in a higher variety score. Food variety was found to be positively associated with body height, education (men only) and socio-economic status. Inverse associations were found for body mass index (women only) and the proportions of smokers and breakfast skippers. Thus, food variety was positively associated with energy intake, but not with a higher prevalence of obesity in groups with a higher consumption level. These results suggest that subjects with a higher variety score may be more engaged in physical activities. This, in turn, might lead to a higher variety in food selection to cover the higher energy requirement. At a high consumption level, people might become bored of eating a lot of a few items only. Furthermore, the higher intake seen in high-variety groups might be a temporary state because the results derive from 2 d dietary records. None the less, these results challenge the concept that promoting variety of food choice does not necessarily alter patterns of nutrient intake.
Dietary quality index
An index of overall diet quality can be based on nutrients only. Such an index can include all nutrients but, for practical reasons, it is recommendable to select the most important nutrients, in this case those included in the Dutch dietary guidelines for a healthy diet. The criteria selected were a daily diet providing: a) less than 35 %energy from fat; b) less than 10 %energy from SFA; c) less than 33 mg/MJ cholesterol; d) more than 50 %energy from carbohydrates; and e) less than 25 %energy from mono-and disaccharides.
For every criterion, one point was given when attained, thus creating a 5-point scale, with 0 points corresponding to the lowest dietary quality and 5 points to the maximum quality. Intake of dietary fibre was not included because of methodological problems regarding assessment of food composition. Table 4 presents selected results for Dutch women aged 22-49. As expected, a higher dietary quality score corresponded with a higher proportion meeting the separate criteria of the index, mono-and disaccharides being an exception to this rule. The largest differences were seen for total fat and total carbohydrates; obviously, meeting the criterion for SFA was not easy. A higher dietary quality score was associated with a lower consumption of cheese, fats and oils, and meat and meat products, and a higher consumption of fruit and vegetables (results not shown). This was confirmed by the proportion of women meeting the criteria of the food-based guidelines (Table 4) . To a certain extent, these results are promising with respect to the feasibility of realization of a much healthier diet through adequate selection from the current food supply, because the differences among the dietary quality score groups are modest. A higher dietary quality was associated with a higher prevalence of a prescribed diet, especially energy restriction, and a higher educational level. There was an inverse relation between the dietary quality score and energy intake.
Mean energy intake was 8⋅7 MJ/d among those with a score of 0-1 and 7⋅0 MJ/d among women with a score of 4-5. This may cast some doubt on the results in that selective under-reporting of energy-rich products may have taken place. In line with this, Table 4 might suggest over-reporting of products of vegetable origin. The characteristics of the S147 Food-based dietary guidelines in the Netherlands women fit in with more socially desirable reporting during the 2 days of the survey, in that more women have the motivation (therapeutic diet) and the knowledge (higher education) for such a reporting pattern. If selective reporting partly explains the differences, caution is called for in using the data for policy-making processes. As expected, the results suggest that a combination of dietary goals results mostly in a more favourable diet for the separate goals included in the index. The most important information that can be obtained through analyses regarding a dietary quality index is related to the feasibility of a goal in combination with other goals and the (direction of the) food consumption associated with improvement in the dietary quality index. Both aspects are important for an efficient nutrition education strategy.
Food-based dietary guidelines
One rationale behind the concept of FBDG is that consumers think in terms of foods rather than nutrients (WHO/FAO, 1996) . The most important factors influencing consumer acceptance are current consumption patterns, and specific food recommendations or examples incorporated in a set of guidelines (Stowers, 1992) . This is one of the reasons that food-based guidelines have to be country-specific. For the Netherlands, recommended quantities of several basic food groups are formulated for children, adolescents and adults by the Netherlands Bureau for Nutrition Education. For adults the following recommendations for daily intake are given:
X bread (including breakfast cereals): 5-7 slices; X potatoes (including rice, pasta and pulses): 3-5 pieces; X vegetables: 3-4 serving spoons; X fruit: 2 pieces; X milk and milk products: 2-3 glasses; X cheese: 1-2 slices; and X meat, fish and eggs: about 115-130 g (or 100 g cooked).
One point was given to a subject when the quantity consumed was at least at the lowest recommended level. Thus a food-based quality index was created with a scale ranging from 0 to 7. The higher the score, the better the quality of the diet was assumed to be. Table 5 presents selected characteristics of three groups of Dutch women with different scores for food-based dietary quality. Similar observations were made for males (results not shown). Obviously, a higher score correlated with a higher proportion of the women meeting the separate goals. The data indicate that meeting the goals for bread, fruit and, to lesser extent, milk (products) were most difficult. A higher score was associated with a higher intake of energy and a higher nutrient density. Possibly except for protein and alcohol, relatively small differences were found for the contribution of macronutrients to daily energy intake.
Apparently, a combination of the selected foodbased guidelines (formulated in quantitative terms) results in a selection of women with a relatively high energy intake. Furthermore, the combination selected does not have an important selective effect on the %energy of the macronutrients.
A selective effect was found for nutrient density, which can be explained by the fact that bread, potatoes, vegetables, S148 M. R. H. Löwik et al. Table 5 . Selected characteristics of women 22-49 years old meeting the various goals and criteria according to the food-based quality score index
Food-based quality score fruit, milk (products), cheese and meat/fish/eggs are relatively good sources of micronutrients (Löwik et al. , 1998 . Based on these observations, it can be stated that a combination of several food-based goals (formulated in quantitative terms) can result in an increase of the food consumption that does not have an important effect on the quality of the diet. This holds especially when no food groups are restricted by an upper consumption level. Furthermore, a group like fats and oils was not included in the food-based guideline, whereas the consumption of such a group is expected to have a direct relationship with the intake of nutrients. Within groups like milk and milk products, all products were classified equal in that no distinction was made for, for instance, full-fat and skimmed milk. In conclusion, in formulating food-based guidelines explicitly stated dietary goals should be the basis of the selection and quantification of these guidelines.
Conclusions
The observed association between food variety and dietary intake was mainly characterized by differences in quantity (amounts) and to a lesser extent by differences in quality of the diet. Therefore, fulfilment of the guideline 'Eat a variety of food', corresponding with a greater number of different foods consumed, will not automatically imply a more adequate diet. As shown by the analyses regarding foodbased dietary guidelines and food variety, improvements in nutrient intakes were accompanied by a higher energy intake. This indicates that a higher energy intake enhances the chance of meeting the guidelines. This is in line with the statement by WHO/FAO that, if the intake of adolescents or adults is less than 8.4 MJ/d, it will be difficult to meet their vitamin and mineral needs. In contrast, a low fat intake was correlated with a relatively low energy intake. For reasons related to feasibility and effectiveness, it is recommended to concentrate the attainment of the dietary guidelines on a strongly limited number of nutrients (preferably just one). The selection may change over time as a result of changes in scientific and political insights as well as in trends in food consumption. Since women aged 20-49 were at a high nutritional risk, this group can be used as the starting point for the formulation of food-based dietary guidelines. It may be expected that other population groups will also benefit from the guidelines formulated in this way. A combination of food-based guidelines (formulated in quantitative terms) and an overall quality index may result in a selection of subjects with a high energy intake, especially when no food groups are restricted by an upper consumption level.
